The amount and chemical composition of essential oils are crucial for the modulation of the flavor, scent and therapeutic properties of aromatic and medicinal plants. The aim of this study was to evaluate the effects of phenology and weather conditions on the essential oil yield obtained from the aerial parts of Salvia lavandulifolia Vahl. Besides, we tried to carry out an approach to the chemical composition at the time of full bloom. Essential oil production of several accessions was monitored throughout the whole phenological cycle, both, at the original location growing wild and at the experimental plot as cultivated plants. Local pedoclimatic conditions seem to be crucial for the plant essential oil production. Our results showed high conditioning rates from both yearly climatic conditions and developmental stage of the plants. Maximum yield production was reported at the full seed maturation stage (average 1.74%) and after a slight dry period (average 2.16%). Phytochemical differences were maintained when plants were forced to grow under common pedoclimatic conditions. Thereby, essential oil analysis showed some populations formed by clearly distinct individuals while others had more homogenous plants. Compounds such α-pinene, β-pinene + myrcene, limonene, 1,8-cineol, camphor and β-caryophyllene were the main compounds of the essential oils of S. lavandulifolia.
Essential oils are natural products used as a raw material in many fields including nutrition, spices, aromatherapy, phytotherapy, perfumery and cosmetics [1a] . Several Salvia species are characterized by their essential oil production and by their longstanding reputation in European medical herbalism. Particularly, leaves of Spanish sage (Salvia lavandulifolia Vahl.) are traditionally believed to be effective for mouth ulcers and sore throat, colds, period pains and for the treatment of some menopause symptoms such as flushing and sweating [1b] . Since Perry et al. [2a] first described the in vitro anticholinesterase activity of the essential oils of S. lavandulifolia, this has been the most important pharmacological research line regarding this species [2b] .
The production of S. lavandulifolia is currently considered as an alternative and sustainable crop for many semi-arid areas of Central Spain. In fact, this species can grow in poor soil and is a valuable species to introduce to lands where overexploitation has either degraded the soil or in set aside lands to prevent erosion [2c] . Two final products are potentially obtained from the cultivation of Spanish sage: dry leaves and the essential oil. The global production of essential oils is divided into 3 groups according to their production volume, and Spanish sage essential oil is classified within group 2, characterized by a volume up to 100 tons/year [1a] . In regard to essential oil yield, references show a great variability. The values range from 0.4% to 3.0%, v/w [3] .
Increase of essential oil production is a challenge faced by the producers of this species, and, therefore, to gain knowledge about the role of weather conditions in the essential oil yield may be a benefit for both producers and traders of this species. Nonetheless, the lack of data on yields throughout its productive cycle and on the influence of environmental factors in the final production and quality are currently restricting the consolidation of S. lavandulifolia crops. In turn, findings on the effects of the phenological stage and weather conditions on the composition and/or yield of essential oils have given contradictory results and they are largely related to each studied species [4] . We have summarized in previous works [5] the chemical profiles of the essential oil of S. lavandulifolia populations from central Spain. However, in most of the studies published so far, few or no data on the potential different responses among individual plants within a species have been reported.
By using wild plant material (Table 1) and cultivated replicas, we characterized and monitored the essential oil yield and chemical composition of S. lavandulifolia throughout the phenological cycle. The principal aim was to evaluate the variability of the essential oil yield and chemical composition in plants with different genetic heritage grown under the same environmental conditions. The different populations analyzed were gathered three times in a year at the new foliage stage (March), at full flowering time (end of June) and at full maturation of seeds (October). Significant differences in the essential oil yield were found among the studied populations in their natural habitats (ANOVA: F=3.68, P<0.05) ( yields ranged from 0.69% (plant C1-flowering stage) to 3.41 (plant B2-full seeds maturation stage). However, means from individual plants did not differ significantly (ANOVA: F=1.05, P>0.05). Accordingly, the proportion of variation attributable to single plants was lower than the differences observed between populations. Yields obtained from collections at different times throughout the year revealed no significant differences related to the developmental stage of the plants in the wild populations (ANOVA: F=0.21, P>0.05). Furthermore, during the first collection, cuttings from each individual plant were transferred to the greenhouse for vegetative propagation in order to create clones for cultivation in the experimental field. Aerial parts from clones of each individual plant were harvested throughout the years 2010 and 2011. Harvests were made every two months during 2010. However, in 2011 the collection was performed only twice. Thus, a total of eight essential oil samples were obtained over the two years for each plant clone. These results obtained from cultured clones are presented in Table  3 . Yields were obtained from S. lavandulifolia plants grown under the same pedoclimatic and cultural conditions, so the potential variability in their essential oil production attributable to environmental and technical parameters was considered negligible. No significant differences between individuals were observed (ANOVA F=1.08, P>0.05), a result similar to that obtained from wild collected plants. However, average yield differences between populations have been remarkably lower compared with the result obtained from the wild collections (ANOVA F=0.73, P>0.05), a result that may indicate the importance of local pedoclimatic parameters in the essential oil production.
A strong significant variation was observed according to the phenological stage of the plants (ANOVA F=23.74, P<0.05). The full seed maturation stage showed the highest essential oil yield with an average of 1.74% in 2010. The highest individual yield was obtained at that time (3.56 %, B3). In the same year, the other phenological stages showed half or even less essential oil yield, with the lowest mean during the new foliage stage in March-April (0.45%). To corroborate the previous results, a new material collection was undertaken in 2011. Yields from full seed maturation were still higher compared with flowering time (2.16% and 1.60%, respectively). The maximum yield was obtained after completion of seed maturation. It is also noteworthy that the results from both collections in 2011 were remarkably higher than those of 2010. The cropping season 2011 was characterized by a long period of dryness during the summer (Figure 1) . After summer, a severe water stress was detected in our experimental fields, since no rainfall was recorded during July, August and September. Moreover, yearly rainfall throughout 2011 was also lower than the average annual records of this area. The average yield obtained for all genotypes at flowering time in 2011 was 1.60%, which is almost three times higher than the average yield isolated in the same period of the previous year (0.64%). At the full seed maturation stage, the average yield obtained in 2011 (2.16%) was higher than in the other periods.
Some other literature studies have shown that plants exhibited fluctuation in essential oil yield with progress of the annual developmental stage, ascribed to environmental factors such as rainfall level and temperature. Among Lamiaceae [6a] species, the highest yield for Thymus vulgaris was during flowering time. However, [6b,c] the maximum yields for Ocimum basilicum were during winter time. For S. officinalis, maximum essential oil yields have been reported during both flowering time [7] and the vegetative period [8] . Water stress also showed heterogeneous effects on essential oil yield [9] . Our results showed that maximum essential oil production is achieved at full seed maturation in S. lavandulifolia.
The composition of the essential oil of S. lavandulifolia clones in full bloom is summarized in Table 4 . The main compounds of the oil were: α-pinene, β-pinene+myrcene, limonene, 1,8-cineol camphor and β-caryophyllene, similar to what has been observed in previous studies [10] . Substantial differences were found among individuals. Since chemotaxonomic statements and conclusions have to be based on comparable material, grown and harvested under comparable circumstances [11a] , our results strongly point to the existence of chemotypes in the essential oil of this species. For a better viewing of the shown variability, the individuals were grouped according to their percentages of identified compounds by AHC analysis (Figure 2 ). Two branches can be clearly distinguished: the first one including 4 individuals from populations A and C and the second branch with the other 7 individuals. Plants from the second branch presented a very similar essential oil composition, mainly characterized by 1,8-cineol as the major compound (35-50%). Other plants showed more chemical diversity with other compounds achieving greater relative presence: plant A2 with a high content of α-pinene (up to 34.4%), plant A3 of limomene (up to 15.2%) and β-caryophyllene (up to 10.2%) and Chemical description and essential oil yield variability Natural Product Communications Vol. 9 (2) 2014 275 plant C2 of limonene (up to 15.2%), camphor (up to 19.9%), and β-caryophyllene (up to 16.6%). It is also remarkable that some compounds, despite the fact that their relative percentages were not particularly high (on average below 5%), appeared in appreciable amounts in certain individuals, whilst in others they were not even detected. This was the case with spathulenol for plant C1 and viridiflorol for plants B1 and B2. All plant replicas were grouped according to their population except plant C3 which was grouped within population D. However, some populations showed an important phytochemical diversity. Populations A and C were composed of clearly distinct individuals, whilst populations B and D showed much more homogeneous essential oil patterns represented by a single cluster with closer linkage distance in the dendrogram. The proven phytochemical variability among individuals may modulate the assumed properties and reveals the need to use individual plants as base material in breeding and selection programs. Our results strongly suggest the existence of chemotypes, both within populations and individually. Further investigations should be made during the whole life cycle, including genetic studies to verify the influence of genetic heritage and abiotic factors in the essential oil yield and composition.
Experimental
Plant material: Four populations from Central Spain were selected (Table 1) 
